U.S. FISH AND WILDLIFE SERVICE
SPECIES ASSESSMENT AND LISTING PRIORITY ASSIGNMENT FORM

SCIENTIFIC NAME: Drosophila digressa
COMMON NAME: No common name

LEAD REGION: Region 1

INFORMATION CURRENT AS OF: April 2010

STATUS/ACTION
__ Species assessment - determined we do not have sufficient information on file to support a
proposal to list the species and, therefore, it was not elevated to Candidate status
___New candidate
_X_ Continuing candidate
__Non-petitioned
_X_ Petitioned - Date petition received: May 11, 2004
__90-day positive - FR date:
X 12-month warranted but precluded - FR date: May 11, 2005
N _Did the petition request a reclassification of a listed species?

FOR PETITIONED CANDIDATE SPECIES:

a. Is listing warranted? (if yes, see summary of threats below) Yes

b. To date, has publication of a proposal to list been precluded by other higher priority
listing actions? Yes

c. If the answer to a. and b. is “yes”, provide an explanation of why the action is
precluded.

Higher priority listing actions, including court-approved settlements, court-ordered and

statutory deadlines for petition findings and listing determinations, emergency listing

determinations, and responses to litigation, continue to preclude the proposed and final

listing rules for the species. We continue to monitor populations and will change its

status or implement an emergency listing if necessary. The “Progress on Revising the

Lists” section of the current CNOR (http://endangered.fws.gov/) provides information on

listing actions taken during the last 12 months.

_N_ Listing priority change
Former LP:
New LP:
Date when the species first became a Candidate (as currently defined):
February 28, 1996
____Candidate removal: Former LPN:

____ A —Taxon is more abundant or widespread than previously believed or not subject to
the degree of threats sufficient to warrant issuance of a proposed listing or
continuance of candidate status.

__U-—Taxon not subject to the degree of threats sufficient to warrant issuance of a




proposed listing or continuance of candidate status due, in part or totally, to
conservation efforts that remove or reduce the threats to the species.

___F—Rangeis no longer a U.S. territory.

__ I —Insufficient information exists on biological vulnerability and threats to support
listing.

M- Taxon mistakenly included in past notice of review.

N -—Taxon does not meet the Act’s definition of “species.”

X —Taxon believed to be extinct.

ANIMAL/PLANT GROUP AND FAMILY: Insects; Family Drosophilidae (picture-wing fly)

HISTORICAL STATES/TERRITORIES/COUNTRIES OF OCCURRENCE: Hawaii, island of
Hawaii

CURRENT STATES/COUNTIES/TERRITORIES/COUNTRIES OF OCCURRENCE: Hawaii,
island of Hawaii

LAND OWNERSHIP: Drosophila digressa is known from five populations, 1 on private land, 3
on State lands, and 1 on Federal land located on the island of Hawaii (Montgomery 1975;
Kaneshiro and Kaneshiro 1995; Hawaii Biodiversity and Mapping Program (HBMP) 2006a).

LEAD REGION CONTACT: Linda Belluomini, (503) 231- 6283, linda_belluomini @fws.gov

LEAD FIELD OFFICE CONTACT: Pacific Islands Fish & Wildlife Office, Christa Russell,
(808) 792-9400, christa_russell@fws.gov

BIOLOGICAL INFORMATION

Species Description:

Drosophila digressa is a small Drososphila picture-wing fly species with adults ranging in size
from 0.15 to 0.19 inches (in) (4.0 to 5.0 millimeters (mm)) in length. Adults are essentially
brownish yellow in color and have yellow colored legs and hyaline wings (shiny-clear) with
prominent brown spots. The wings of D. digressa differ from all known Hawaiian Drosophila
by having a small brown spot at the middle of vein R4+5, but lacking a brown mark in the
middle of cell R1 (Hardy and Kaneshiro 1969). This species is similar in structure to other
Drosophilidae and other flies in that adults have three main body parts--a head, thorax, and
abdomen. One pair of antennae arises from the front of the head, between the eyes. The single
pair of wings and three pairs of legs are attached to the thorax. The abdomen is composed of
multiple segments. The general life cycle of Hawaiian Drosophilidae is typical of that of most
flies: after mating, females lay eggs from which larvae (immature stage) hatch; as larvae grow
they molt (shed their skin) through three successive stages (instars); when fully grown the larvae
change into pupae (a resting form) in which they metamorphose and emerge as adults (Borror et
al. 1989).




Taxonomy:
Drosophila digressa was described by Hardy and Kaneshiro (1969), and the species is

considered a distinct taxon. Hardy and Kaneshiro (1969) is the most recent and accepted
taxonomy for this species.

Habitat/Life History:

Drosophila digressa is restricted to the island of Hawaii. The adult flies are generalist
microbivores (microbe eating) and feed upon a variety of decomposing plant material. The eggs
are laid within the decomposing bark of native Charpentiera obovata trees, where the hatching
larvae complete development before dropping to the soil to pupate (Montgomery 1975).
Drosophila digressa occurs in elevations ranging from 4,200 to 4,600 feet (ft) (1,280 to 1,402
meters (m)) and in mesic to wet forests with rainfall between 79 to 118 in (200 to 300
centimeters (cm)) per year (Montgomery 1975; Kaneshiro and Kaneshiro 1995).

Historical Range/Distribution:

Historically, Drosophila digressa was known from five Hawaii Island populations within
Moanuiahea Pit Crater (Hualalai), Manuka Forest Reserve (FR), Bird Park (Hawaii VVolcanoes
National Park), Kipuka 9, and upper Olaa Forest Reserve (aka Pole 44, along Wright Road)
(Montgomery 1975; K. Magnacca, University of Hawaii at Hilo, pers. comm. 2006a; 2010;
HBMP 2006a). The historical sizes of these populations are unknown, but numbers were never
suspected to be large and are believed to have declined.

Current Range/Distribution:

According to Foote and Carson (1995), observations of this species steadily declined during
surveys from the period between 1971 and 1993. Drosophila researcher, David Foote (U.S.
Geological Survey-Biological Resources Discipline, pers. comm. 2009), confirmed that the
species has been rarely observed or collected since 2006 despite general (not specific to D.
digressa) Drosophila surveys within its historical habitat. During a year-long period of weekly
surveys for the species in Olaa FR site from 1997 to 1998, only five individuals were observed
(K. Magnacca, pers. comm. 2006a). Two observations in 2006 confirmed that the species still
existed there (K. Magnacca, pers. comm. 2006a), and a recent survey of the area revealed a total
of 20 individuals (K. Magnacca, in litt., 2010). However, no individuals were observed at the
Bird Park site during similarly intensive surveys in 1997 and 1998, and that population may now
be extirpated (K. Magnacca, pers. comm. 2006a). The Manuka Forest Reserve site had not been
surveyed since 1976 when the species was observed there twice. Adjacent to this area, a
substantial population of this species was discovered in August 2009 at Manuka Natural Area
Reserve, within the “olopua kipuka” fenced exclosure (19.1179°N, 155.8130°W) (K. Magnacca,
in litt., 2010). The survey resulted in the observation of 30 individuals, although the presence of
large numbers of dead tree ferns in the plant community there suggests that area has been drying
out in recent years (K. Magnacca, in litt., 2010). The species was observed only once at the
Kipuka 9 site, in 1986, despite several surveys prior and afterwards. At the Hualalai site, D.
digressa was observed once each in 1971 and 1972. The Hualalai site has not been intensively
searched since the mid-1970s, but the area is known to have become significantly degraded and
it is now unknown whether that population is extant (K. Magnacca, pers. comm. 2006a). To
compound the problem, the species’ host plant appears to be decreasing throughout its range due
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to impacts from browsing ungulates and invasive weed species (Foote and Carson 1995; K.
Magnacca, pers. comm. 2006a).

Population Estimates/Status:

No reasonable estimate of current population size or status is currently available; however, the
species is presumed to be extant in low numbers at two or more of the five original population
sites (D. Foote, pers. comm. 2005; K. Magnacca, pers. comm. 2006a; K. Magnacca, in litt.,
2010).

THREATS

A. The present or threatened destruction, modification, or curtailment of its habitat or range.
Drosophila digressa’s host plant habitat is highly and imminently threatened by feral pigs (Sus
scrofa), goats (Capra hircus), and cattle (Bos taurus) that degrade and destroy habitat and eat
host plants (Foote and Carson 1995; Kaneshiro and Kaneshiro 1995; Science Panel 2005).
Evidence of the activities of feral pigs has been reported at all five D. digressa population sites,
and the activities of both feral goats and cattle have been reported within the area surrounding
the Hulalai population site (Foote and Carson 1995; Kaneshiro and Kaneshiro1995; Science
Panel 2005).

Feral Pigs

Pigs of Asian ancestry were introduced to Hawaii by the Polynesians, and the Eurasian type was
introduced to Hawaii by Cook in 1778, with many other introductions thereafter (Tomich 1986).
Some pigs raised as food escaped into the forests of Hawaii, Kauai, Oahu, Molokai, Maui, and
Niihau, formed herds, and are now managed as a game animal by the State to optimize hunting
opportunities (Tomich 1986; State of Hawaii 2001). Feral pigs are now found from dry coastal
grasslands through rain forests and into the subalpine zone on all of the main Hawaiian Islands
(Cuddihy and Stone 1990). Feral pigs create open areas within forest habitat by digging up,
eating, and trampling native species (Stone 1985). These open areas become fertile ground for
nonnative plant seeds spread through pig excrement and by transport in pig hair (Stone 1985). In
nitrogen-poor soils, feral pig excrement increases nutrient availability, enhancing establishment
of nonnative weeds that are more adapted to richer soils than native plants (Cuddihy and Stone
1990).

In a study conducted in the 1980s on feral pig populations in the Kipahulu Valley on Maui, the
deleterious effects of feral pig rooting on native forest ecosystems was documented (Diong
1982). Rooting by feral pigs was observed to be related to the search for earthworms, with
rooting depths averaging 8 in (20 cm), greatly disrupting the leaf litter and topsoil layers, and
contributing to erosion and changes in ground topography. The feeding habits of pigs were
observed to create seed beds, enabling the establishment and spread of weedy species such as
strawberry guava (Psidium cattleianum). The study concluded that all aspects of the food habits
of pigs are damaging to the structure and function of the Hawaiian forest ecosystem (Diong
1982).

In another study, Foote and Carson (1995), found that pig exclosures on the Big Island supported
significantly higher relative frequencies of picture-wing flies compared to other native and
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nonnative Drosophila species (7 percent of all observations outside of the exclosure and 18
percent of all observations inside the exclosure) and their native host plants. Loope et al. (1991)
showed that excluding pigs from a montane bog on northeastern Haleakala, Mauli, resulted in an
increase in native plant cover from 6 to 95 percent after 6 years of protection.

Feral Goats

The goat, a species originally native to the Middle East and India, was successfully introduced to
the Hawaiian Islands in 1792. Currently, populations exist on Kauai, Oahu, Maui, Molokai, and
Hawaii. Goats browse on introduced grasses and native plants, trample roots and seedlings,
cause erosion, and promote the invasion of alien plants. Goats are able to forage in extremely
rugged terrain and have a high reproductive capacity (Clarke and Cuddihy 1980; van Riper and
van Riper 1982; Scott et al. 1986; Tomich 1986; Culliney 1988; Cuddihy and Stone 1990). The
effects on mesic and wet forest habitat by foraging of feral goats have also been reported in
fencing studies. An exclosure analysis demonstrated that release from goat pressure by fencing
resulted in an immediate recovery in height growth and numbers of vegetative resprouts of the
native tree Acacia koa (koa) (Spatz and Mueller-Dombois 1973). Another study at Puuwaawaa
on the island of Hawaii demonstrated that prior to management actions in 1985, regeneration of
endemic shrubs and trees in the grazed area was almost totally lacking, contributing to invasion
of the forest understory by exotic grasses and weeds. After the removal of grazing animals in
1985, Acacia koa and Metrosideros polymorpha (ohia) seedlings were observed germinating by
the thousands (Department of Land and Natural Resources 2002). Feral goats possibly threaten
the Hualalai population of D. digressa (Science Panel 2005).

Feral Cattle

Feral cattle occupy a wide variety of habitats from lowland dry forests to montane grasslands,
where they consume native vegetation, trample roots and seedlings, accelerate erosion, and
promote the invasion of nonnative plants (van Riper and van Riper 1982; Stone 1985; Science
Panel 2005). Feral cattle threaten Drosophila digressa at the Hualalai population site, where
degradation of native forests is evident (Science Panel 2005).

Browsing by feral ungulates, including pigs, goats, and cattle, has been observed on many native
plant species, including common and rare or endangered species (Cuddihy and Stone 1990;
Loope et al. 1991). Because Hawaii’s native plants evolved without browsing or grazing
pressure, many species lost natural defenses to such impacts (Carlquist 1980, Lamoureux 1994).
In the study described above on feral pig populations in the Kipahulu Valley, pigs were observed
browsing on young shoots, leaves and fronds of a wide variety plants, of which over 85 percent
were endemic species (Diong 1982). A stomach content analysis showed that the pigs’ food
sources consisted of native plants, 60 percent of which were Cibotium spp. (tree ferns),
alternating with strawberry guava when it was available. Pigs were observed to fell plants and
remove the bark of Clermontia, Cibotium, Coprosma, Psychotria, and Hedyotis species
(herbaceous and woody plants), with larger trees killed over a few months of repeated feeding.
Goats often eat nearly all available plants, but their preference is for woody species (Spatz and
Mueller-Dombois 1973). Charpentiera sp. (papala) (the Drosophila digressa host plant) are
shrubby trees and are susceptible to browsing by goats. Therefore, even though we have no
evidence of direct browsing for Charpentiera sp., feral ungulates potentially impact this species.



Hawaiian ecosystems, having evolved without hoofed mammals, are susceptible to large-scale
disturbance and grazing by pigs, goats, and other introduced ungulates (Loope et al. 1991).
Because of demonstrated habitat modifications by feral goats, cattle, and pigs such as destruction
of native plants, disruption of topsoil leading to erosion, and establishment and spread of
nonnative plants, the Service believes feral goats, cattle, and pigs are threats to Drosophila
digressa.

Fire

Fire is a potential threat to the habitat and host plants of Drosophila digressa, particularly in the
mesic portion of its range at the Hualalai population site (Science Panel 2005). Because
Hawaiian plants were subjected to fire during their evolution only in areas of volcanic activity, or
from occasional lightening strikes, they are not adapted to recurring fire regimes and do not
quickly recover following a fire. Alien plants are often better adapted to fire than native plant
species, and some fire-adapted grasses have become wide-spread in Hawaii (D’ Antonio and
Vitousek 1992; Friefelder et al. 1998). The presence of such species in Hawaiian ecosystems
greatly increases the intensity, extent, and frequency of fire, especially during the drier months or
periods of drought. Fire-adapted alien plant taxa can reestablish in a burned area, resulting in a
reduction in the amount of native vegetation after a fire. Native shrubland and dry forest can
thus be converted to land dominated by nonnative grasses. Habitat damaged or destroyed by fire
is more likely to be revegetated by nonnative plants that cannot be used as host plants by picture-
wing flies, including D. digressa (Kaneshiro and Kaneshiro 1995; Science Panel 2005). Fire can
destroy dormant seeds as well as plants, even in steep or inaccessible areas. Fires may result
from natural causes, or they may be accidentally or intentionally started by humans (Cuddihy
and Stone 1990; D’ Antonio and Vitousek 1992; Friefelder et al. 1998).

Nonnative Plants

Drosophila digressa’s host plants, Charpentiera sp., occur as understory vegetation beneath the
canopy of Metrosideros polymorpha and Acacia koa trees, and are greatly affected by
competition with and habitat destruction and degradation by nonnative plant species (Kaneshiro
and Kaneshiro 1995; Wagner et al. 1999; Science Panel 2005). The most significant of these
appear to be lantana (Lantana camara), molasses grass (Melinus minutiflora), banana poka
(Passiflora tarminiana), strawberry guava, prickly Florida blackberry (Rubus argutus), yellow
Himalayan raspberry (Rubus ellipticus), and Christmasberry (Schinus terebinthifolius) (Smith
1985; Kaneshiro and Kaneshiro 1995; Wagner et al. 1999; Science Panel 2005). Jacobi and
Warshauer (1992) reported that nonnative plants, including banana poka and strawberry guava,
were found in 72 percent of 64 vegetation types sampled in a 1,930 mi? (5,000 km?) study area
on the island of Hawaii.

Lantana camara, brought to Hawaii as an ornamental plant, is an aggressive, thicket-forming
shrub which is now found on all of the main islands in mesic forest and disturbed habitats
(Wagner et al. 1999). The most effective control agents are the lace bug Teleonemia scrupulosa
Stal. (Tingidae); the chrysomelid beetles Octotoma scabripennis Guerin-Meneville and Uroplata
girardi Pic; and the moths, Hypena strigata F., Neogalea sunia (Guenee) (Noctuidae), and
Salbia haemorrhoidalis Guenee (Pyralidae). While biological control of lantana by most of the
established insects appeared to have reached equilibrium by 1969, the overall impact has been a
steady and considerable reduction in abundance of lantana, particularly in drought-prone areas.
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Although lantana is considered generally to be under partial to substantial control in drier areas,
it still remains a pest in some other environments, such as national parks (Hawaii Department of
Agriculture 2006). This species threatens the Drosophila digressa Bird Park and Olaa FR
populations on Hawaii (Smith 1985; Kaneshiro and Kaneshiro 1995; Science Panel 2005).

Melinus minutiflora is native to Africa, and now introduced to many parts of the tropics as a
fodder plant. In Hawaii it is naturalized and common in dry to mesic disturbed open areas on all
the main islands except Niihau. It is considered to be a serious pest, choking out and covering
native vegetation and preventing seedling establishment (O’Connor 1999). Additionally, this
species’ dense mats can fuel intense fires and it is able to spread prolifically after a fire,
effectively out-competing less fire-adapted native plant species and ultimately creating a stand of
nonnative grass where forest once stood (Cuddihy and Stone 1990). Molasses grass threatens the
Drosophila digressa Hualalai population on Hawaii (Smith 1985; Kaneshiro and Kaneshiro
1995; Science Panel 2005).

Passiflora tarminiana is a vine in the passionflower family. Introduced to the Hawaiian Islands
in the 1920s, probably as an ornamental, it is extremely detrimental to certain mesic to wet forest
habitats of Kauai, Maui, and Hawaii (Escobar 1999). Heavy growth of this vine can cause
damage or death to the native trees by overloading branches, causing breakage, or by forming a
dense canopy cover, intercepting sunlight and shading out native plants below (Escobar 1999).
This species threatens all five Drosophila digressa population sites on Hawaii (Smith 1985;
Kaneshiro and Kaneshiro 1995; Science Panel 2005).

Psidium cattleianum is an invasive shrub or small tree native to tropical America, and like
Schinus terebinthifolius, is capable of forming dense stands that exclude other plant species
(Cuddihy and Stone 1990). This nonnative plant grows primarily in mesic and wet habitats and
provides food for several nonnative animal species, including feral pigs and game birds, which
disperse the plant's seeds through the forest (Smith 1985; Wagner et al. 1999; HEAR 2005). To
date, no biological control agents have been released against strawberry guava in Hawaii, though
insects for biocontrol have undergone host-screening (Institute of Pacific Islands Forestry 2005).
Strawberry guava is considered one of the greatest nonnative plant threats to Hawaii's rain
forests and is known to pose a direct threat to all five Drosophila digressa population sites on the
island of Hawaii (Cuddihy and Stone 1990; Jacobi and Warshauer 1992; Wagner et al. 1999;
Science Panel 2005).

Rubus argutus, a native to the central and eastern United States, was introduced to the Hawaiian
Islands in the late 1800s (Wagner et al. 1999). The fruit is easily spread by birds to open areas
where it can form dense, impenetrable thickets (Smith 1985; Tunison 1991). It is found in mesic
to wet forests and subalpine grasslands, ranging from 656 to 7,544 ft (200 to 2,300 m) (HEAR
2005). This species grows via runners underground, and readily resprouts from them if above-
ground tissue is treated with herbicide (U.S. Army 2006). Biological controls have been
introduced (moths, sawfly, and beetle), but the damage to blackberry so far has been negligible
(Nagata and Markin 1986). On Hawaii, all five Drosophila digressa population sites are
threatened by this species (Kaneshiro and Kaneshiro 1995; Science Panel 2005).



Rubus ellipticus is native to India and widely grown as an ornamental in warm regions. This
species has naturalized locally in the Volcano and Laupahoehoe areas of the island of Hawaii. It
is a climbing shrub, covered with prickles and edible yellow fruit, and is readily dispersed by
birds. This extremely thorny plant forms impenetrable thickets, threatening native ecosystems
and the native Hawaiian forest habitat (Benton 2005; Global Invasive Species 2005). Yellow
Himalayan raspberry is on the Hawaii noxious weed list and threatens four Drosophila digressa
population sites on Hawaii (Kaneshiro and Kaneshiro 1995; Science Panel 2005; Hawaii
Administrative Rules Title 4, Subtitle 6, Chapter 68).

Schinus terebinthifolius, a shrub native to Brazil, was introduced to Hawaii in 1911 and is now
naturalized in mesic areas (Wagner et al. 1999). It forms dense thickets and grows even on steep
slopes, and the red berries are spread by birds (Smith 1985). Seedlings grow very slowly and

can survive in dense shade, exhibiting vigorous growth if the canopy is cleared, leading to the
creation of open habitat and further influencing and increasing its rate of spread (Brazilian
Pepper Task Force 1997). There are no released biocontrol agents to date (Brazilian Pepper Task
Force 1997). Christmasberry is on the Hawaii noxious weed list (Hawaii Administrative Rules
2006) and threatens at least one Drosophila digressa population site on Hawaii (Kaneshiro and
Kaneshiro 1995; Science Panel 2005).

The original native flora of Hawaii consisted of about 1,400 species, nearly 90 percent of which
were endemic. Of the current total native and naturalized Hawaiian flora of 1,817 taxa, 47
percent are introduced species, and nearly 100 species are pests (Smith 1985; Wagner et al.
1999a). Confirmed personal observations (HBMP 2006a) and several studies (Cuddihy and
Stone 1990; Wood and Perlman 1997; Robichaux et al. 1998) indicate nonnative plant species
may outcompete native plants similar to Charpentiera sp. Competition may be for space, light,
water, or nutrients, or there may be a chemical produced that inhibits growth of other plants
(Smith 1985; Cuddihy and Stone 1990). In addition, nonnative pest plants found in habitat
similar to that of Charpentiera sp. have been shown to make the habitat less suitable for native
species (Smathers and Gardner 1978; Smith 1985; Loope and Medeiros 1992; Medeiros et al.
1992; Ellshoff et al. 1995; Meyer and Florence 1996; Medeiros et al. 1997; Loope et al. 2004).
In particular, nonnative pest plant species degrade habitat by modifying availability of light,
altering soil-water regimes, modifying nutrient cycling, or altering fire characteristics of native
plant communities (Smith 1985; Cuddihy and Stone 1990; Vitousek et al. 1997).

Because of demonstrated habitat modification and resource competition by nonnative plant
species in habitat similar to the mesic to wet Metrosideros polymorpha- Acacia koa forest habitat
of the host plants (Charpentiera sp.), the Service believes nonnative plant species are a threat to
Drosophila digressa.

B. Over-utilization for commercial, recreational, scientific, or educational purposes.
None known.

C. Disease or predation.

The geographic isolation of the Hawaiian Islands has restricted the number of original successful

colonizing arthropods and resulted in the evolution of a unique fauna. An unusually small

number (15 percent) of the known families of insects are represented by native Hawaiian species
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(Howarth 1990). Entirely absent are some groups that often dominate continental arthropod
faunal groups such as social Hymenoptera (group nesting ants, bees, and wasps). Commercial
shipping and air cargo to Hawaii has now resulted in the establishment of over 3,372 species of
nonnative insects (Howarth 1990; Howarth et al. 1995; Staples and Cowie 2001), with continued
establishment of 20 to 30 new species per year (Beardsley 1962, 1979; Staples and Cowie 2001).

In addition to the accidental establishment of nonnative species, nonnative predators and
parasites for biological control of pests have been purposefully imported and released by
individuals, Republic, Territorial, State, and Federal agencies, since 1865. Between 1890 and
2004, 387 nonnative species were introduced, sometimes with the specific intent of reducing
populations of native Hawaiian insects (Funasaki et al. 1988; Lai 1988; Staples and Cowie
2001). Nonnative arthropods, whether purposefully introduced or adventive, pose a serious
threat to Hawaii's native Drosophila, through direct predation and competition for food or space
(Howarth and Medeiros 1989; Howarth and Ramsay 1991; Kaneshiro and Kaneshiro 1995;
Staples and Cowie 2001).

Due to their large colony sizes and systematic foraging habits, species of social Hymenoptera
(ants and some wasps) and parasitic wasps pose the greatest predation threat to the Hawaiian
picture-wing flies, including Drosophila digressa (Carson 1982; Gambino et al. 1987; Foote and
Carson 1995; Kaneshiro and Kaneshiro 1995). Several alien ant species have been implicated in
the extinction or local loss of many native species, including much of the lowland Hawaiian
insect fauna (Howarth and Medeiros 1989). All of the native Hawaiian arthropods, including
Drosophila digressa, evolved without the predation influence of ants or social wasps, and the
arrival of these new groups has been especially devastating (Kaneshiro and Kaneshiro 1995).

Wasps

In 1977, an aggressive race of the western yellow-jacket wasp (Vespula pensylvanica) became
established in the State of Hawaii, and this species is now particularly abundant between 1,969
and 5,000 ft (600 and 1,524 m) in elevation (Gambino et al. 1990; Foote and Carson 1995) on
Kauai, Oahu, Molokai, Maui, Lanai, and Hawaii Island (Nishida 1997). Yellow jacket wasps are
voracious predators in most ecosystems in which they are found. Compared with typical North
American populations, yellow-jackets in Hawaii display a high incidence of colonies that
overwinter and persist into at least a second year. The result is that numbers of workers at such
colonies are much greater than at annual colonies (Gambino et al. 1987). Yellow-jacket colonies
in Hawaii can each produce over a half-million foragers that consume tens of millions of
arthropods (Gambino and Loope 1992). In Haleakala National Park on Maui, yellow-jackets
were found to forage predominantly on native arthropods (Gambino et al. 1987, 1990; Gambino
and Loope 1992) and have been observed carrying and feeding upon recently captured adult
Hawaiian Drosophila (Kaneshiro and Kaneshiro 1995). Picture-wing flies, including D.
digressa, may be particularly vulnerable to predation by wasps due to their lekking behavior,
conspicuous courtship displays that can last for several minutes, and relatively large size (K.
Kaneshiro, University of Hawaii at Manoa, pers. comm. 2006).

The disappearance of numerous picture-wing flies, including Drosophila digressa, from

historical observation sites over the past 25 years may be due to a variety of factors. While there

is no documentation that conclusively ties this decrease in observations with the establishment of
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yellow-jacket wasps within their habitats, the concurrent arrival of wasps and decline of picture-
wing fly observations in some areas suggest that the wasps may have played a significant role in
the decline of some of the picture-wing fly populations, including that of D. digressa (Carson
1982, 1986; Foote and Carson 1995; Kaneshiro and Kaneshiro 1995; Science Panel 2005).
Yellow jacket wasps are widespread within the two D. digressa population sites near Hawaii
Volcanoes National Park (Foote and Carson 1995; Kaneshiro and Kaneshiro 1995; Science Panel
2005).

While some research involving yellow jacket control through the use of poisoned baiting within
nearby areas in Hawaii VVolcanoes National Park has been conducted periodically in recent years,
it is unlikely that any positive carryover effect benefited the species, and ongoing yellow jacket
wasp control has not been implemented as any part of a management plan for the geographic
areas containing Drosophila digressa populations. Furthermore, researchers have unfortunately
yet to establish a cost-effective and logistically feasible method of controlling yellow jacket
wasps (Foote and Carson 1995; D. Foote, pers. comm. 2005b; Science Panel 2005).

The number of native parasitic Hymenoptera (parasitic wasps) in Hawaii is limited, and only
species in the family Eucoiliidae are known to use Hawaiian picture-wing flies as hosts
(Kaneshiro and Kaneshiro 1995). However, several species of small parasitic wasps (Family
Braconidae), including Diaschasmimorpha tryoni (No Common Name (NCN)), D.
longicaudatus (NCN), Opius vandenboschi (NCN), and Biosteres arisanus (NCN), were
purposefully introduced into Hawaii to control nonnative pest tephritid fruit flies (Funasaki et al.
1988). These parasitic wasps are also known to attack other species of flies, including native
flies in the family Tephritidae. While these parasitic wasps have not been recorded parasitizing
Hawaiian picture-wing flies and may not successfully develop in Drosophilidae, females will
sting any fly larva available in their attempts to oviposit (lay eggs) and can cause mortality (T.
Duan, University of Hawaii at Manoa, pers. comm. 1995).

Ants

Ants, family Formicidae within the order Hymenoptera, are not a natural component of Hawaii's
arthropod fauna, and native species evolved in the absence of predation pressure from ants. Ants
can be particularly destructive predators because of their high densities, recruitment behavior,
aggressiveness, and broad range of diet (Reimer 1993). These attributes allow some ants to
affect prey populations independent of prey density; thus ants can locate and destroy isolated
populations and individuals (Nafus 1993a, 1993b). To complicate matters, most ant species have
winged reproductive adults (Borror et al. 1989) and once established anywhere in the State, they
are likely to colonize suitable habitats on all islands in time (Hawaiian Ecosystems at Risk
Project (HEAR) 2005).

At least 44 species of ants are known to be established on the Hawaiian Islands (HEAR 2005),
and at least 4 particularly aggressive species have severely affected the native insect fauna
(Zimmerman 1948; HEAR 2005). Numerous other ant species are recognized as threats to
native invertebrates, and additional species become established regularly. While the larvae of
most of the Hawaiian picture-wing flies, including D. digressa, feed within the substrate of their
host plants, they emerge to locate a pupation site in the ground at which time they are exposed to
predation by ants. Adult flies emerging from pupation in the ground are also susceptible to
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predation, and adult picture-wing flies have been observed with ants attached to their legs
(Kaneshiro and Kaneshiro 1995).

Big-headed ants (Pheidole megacephala)

With few exceptions, native insects, including many fly species, have been eliminated in habitats
where the big-headed ant occurs on the Hawaiian islands of Kauai, Oahu, Maui, Molokai, Lanali,
and Hawaii (Perkins 1913; Gagne 1979; Gillespie and Reimer 1993). Although it has only been

observed attacking laboratory populations of fruit flies (Wong et al. 1984), the big-headed ant is

thought to be a threat to picture-wing flies, including D. digressa, on the island of Hawaii in the

Hualalai population site area (Science Panel 2005).

Argentine ants (Iridomyrmex humilis)

The Argentine ant was discovered on the island of Oahu in 1940, and is now established on all
the main Hawaiian Islands (Reimer et al. 1990). The Argentine ant is found below 2, 950 ft (900
m) in elevation, but is a particular problem for native insect communities at higher elevations
ranging up to 7,875 ft (2,400 m) (Reimer et al. 1990; Cole et al. 1992), where other ant species
are not found. This species has been documented to reduce populations, or even eliminate,
native arthropods in Haleakala National Park on Maui (Cole et al. 1992). Also on Maui,
Argentine ants are significant predators on pest fruit flies (Wong et al. 1984). Argentine ants do
not disperse by flight. Instead colonies are moved about with soil and construction material; a
colony was recently discovered on an isolated peak on the island of Oahu under a radio tower.
While we are not aware of documented occurrences of predation by Argentine ants on picture-
wing flies, including D. digressa, they are considered to be a threat to native arthropods located
at higher elevations (Cole et al. 1992) and thus potentially to D. digressa (Science Panel 2005).

Long-legged ants (Anoplolepis longipes)

The long-legged ant appeared in Hawaii in 1952, and now occurs on Kauai, Oahu, Maui, and
Hawaii (Reimer et al. 1990). Direct observations indicate that Hawaiian arthropods are
susceptible to predation by this species. Gillespie and Reimer (1993), and Hardy (1979)
documented the disappearance of most native insects from Kipahulu Stream on Maui after the
area was invaded by the long-legged ant. Although only cursory observations exist, long-legged
ants are thought to be a potential threat to D. digressa on the island of Hawaii in the Hualalai
population site area (Science Panel 2005).

Fire ants (Solenopsis sp.)

At least two species of fire ants, Solenopsis geminata and S. papuana, are also significant threats
to native invertebrates (Gillespie and Reimer 1993) and occur on all the main Hawaiian Islands
(Reimer et al. 1990; Nishida 1997). Solenopsis geminata is known to be a significant predator
on pest fruit flies in Hawaii (Wong and Wong 1988). Besides the Argentine ant, Solenopsis
papuana is the only abundant, aggressive ant that has invaded intact mesic forest above 2,000 ft
(600 m), and it is expanding its range in the Hawaiian Islands (Reimer 1993).

Based on the findings discussed above, nonnative predatory and parasitic insects are considered
significant factors contributing to the reduction in range and abundance of D. digressa, and in
combination with habitat loss, are a threat to its continued existence (Science Panel 2005).
Disease is not known to be a threat to D. digressa.
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D. The inadequacy of existing regulatory mechanisms

While Drosophila digressa has been recorded on federally owned land, none of its Charpentiera
sp. host plants are listed as threatened or endangered, and therefore this species currently
receives no protection under Hawaii's endangered species law (HRS, Sect. 195-D), the Federal
Endangered Species Act (16 U.S.C. §1531-1544), or other local laws, treaties, or regulations.
Furthermore, as discussed in the Disease and Predation section (above), regulatory mechanisms
designed to prevent the introduction and establishment of nonnative insects are inadequate given
that over 3,300 species of nonnative insects have become established in Hawaii (Howarth 1990;
Howarth et al. 1995; Staples and Cowie 2001).

Under Hawaii’s Plant Quarantine Law (Hawaii Revised Statues Chapter 150A), the State of
Hawaii requires that introductions of biological controls be reviewed by the Board of Agriculture
before release. The U.S. Department of Agriculture’s Animal and Plant Health Inspection
Service (APHIS) regulates the importation and release of biological controls through the Plant
Protection Act of 2000 (7 USC 7701 et seq.). APHIS requires a risk analysis for each species
proposed for release. In order for a species to be approved for releases, the risk analysis must
ensure that introduced biological control agents are limited in host range and do not pose a threat
to listed species or native plants, or crops. Nevertheless, some nonnative wasp species have been
introduced by Federal and State agencies for biological control of pest flies to the possible
detriment of picture-wing flies. Because the post-release biology and host range are difficult to
predict from laboratory studies done prior to all releases (Gonzalez and Gilstrap 1992; Roderick
1992), the purposeful release or augmentation of any dipteran predator or parasitoid is a potential
threat to D. digressa (Simberloff 1992; Kaneshiro and Kaneshiro 1995).

Pigs are managed in Hawaii as game animals but many populate inaccessible areas where
hunting is difficult, if not impossible, and therefore has little effect on their numbers (Hawaii
Heritage Program 1990). Pig hunting is allowed on all islands either year-round or during
certain months, depending on the area (Hawaii Department of Land and Natural Resources n.d.-
a, n.d.-b, n.d.-c, n.d.-d.); however, public hunting is not adequate to eliminate this threat to the
host plants of Drosophila digressa.

E. Other natural or manmade factors affecting its continued existence.

The Hawaiian Islands now support several established species of nonnative tipulid flies, and the
larvae of some species feed within the decomposing bark of Charpentiera sp. (Science Panel
2005; K. Magnacca, pers. comm. 2005; S. Montgomery, Montane Matters/Bishop Museum, pers.
comm. 2005a). These tipulid larvae feed within the same portion of the decomposing host plant
area normally occupied by the D. digressa larvae during their development. The effect of this
competition is a reduction in available host plant material for D. digressa larvae (Science Panel
2005). In laboratory studies, Grimaldi and Jaenike (1984) demonstrated that competition
between Drosophila larvae and other fly larvae can exhaust food resources, which affects both
the probability of larval survival and the body size of adults, resulting in reduced adult fitness,
fecundity, and lifespan.

Hawaiian picture-wing flies, including Drosophila digressa, evolved in isolated habitats,
resulting in tremendous speciation (Williamson 1981); as a result, small population size may be
12



less of a threat component than small habitat size (Science Panel 2005). Drosophila digressa is
now possibly reduced to 5 or fewer populations within localized patches of its host plant species,
compounding the effects of numerous other factors causing its decline. This circumstance makes
the species more demographically vulnerable to extinction due to a variety of natural processes
or random catastrophes such as hurricanes (Lande 1988).

CONSERVATION MEASURES PLANNED OR IMPLEMENTED

No fencing or pig management other than hunting is occurring within 5 of the 6 specific
population sites for Drosophila digressa (D. Foote, pers. comm. 2005a; 2006). However, a
substantial population of this species was discovered in August 2009 at Manuka Natural Area
Reserve, within the “olopua kipuka” fenced exclosure (19.1179°N, 155.8130°W), and adjacent
to its historical population site in the area (K. Magnacca, in litt., 2010). Furthermore, within
other areas of Hawaii VVolcanoes National Park, fencing and pig control have been implemented,
thereby possibly providing some protection to host plants and habitat that may occur there (K.
Magnacca, pers. comm. 2006b). In addition, periodic wasp control research has been
implemented within certain areas of Hawaii VVolcanoes National Park (D. Foote, pers. comm.
2005b).

SUMMARY OF THREATS

Although never abundant, Drosophila digressa was originally known from five (now six (K.
Magnacca, in litt., 2010)) population sites located within four different, widely separated
geographic areas. However, this species has not been recently observed at two of these sites and
may now be limited to just two or three sites. Based upon our evaluation of host plant habitat
degradation and loss by feral ungulates, fire, and nonnative plants, direct predation by nonnative
social insects, and competition at the larval stage with nonnative tipulid flies, we conclude there
is sufficient information to develop a proposed rule for Drosophila digressa. We find that this
species is warranted for listing throughout all its range, and, therefore, find that it is unnecessary
to analyze whether it is threatened or endangered in a significant portion of its range.

RECOMMENDED CONSERVATION MEASURES

Demographics will likely be influenced by native forest habitat protection and host plant
availability as well as by predatory wasp populations and other insects competing for use of its
host plants. Repeat surveys of sites with known historical populations are needed as well as
further systematic surveys into nearby localities. Use of remote sensing and data from plant and
insect surveys may help to develop models of D. digressa’s host plant distribution, which in turn
may be used for targeting survey locales. If extant populations are fenced and feral ungulates are
removed from the area it is likely that D. digressa habitat quality will improve. Control
strategies will need to be developed and implemented to manage nonnative plant species and
nonnative social insects which may occur in or adjacent to key D. digressa habitat. In summary,
the experts present at the 2005 science panel stated that the most significant step to recovery for
endemic Drosophila sp. involves the conservation of the host plant habitat for the species
(Science Panel 2005).

e Protect host plant populations from feral ungulates including pigs, goats, and cattle
e Research and implement methods to control nonnative plant species, particularly Schinus

terebinthifolius, Psidium cattleianum, Melinus minutiflora, Lantana camara, Rubus
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argutus, Passiflora mollissma, and Rubus spp.

e Research and implement control methods, such as poison baiting, for nonnative social
insect species

e Conduct field surveys at known locations and in suitable habitat

LISTING PRIORITY

THREAT
Magnitude Immediacy Taxonomy Priority

High Imminent Monotypic genus
Species
Subspecies/population
Non-imminent Monotypic genus
Species
Subspecies/population

Moderate Imminent Monotypic genus

to Low Species
Subspecies/population
Non-imminent Monotypic genus
Species
Subspecies/population

el
SR8 oo~ ovcn.boor\;_l—\

Rationale for listing priority number:

Magnitude:

This species is highly threatened by feral ungulates that degrade and destroy host plant habitat
and nonnative plants that degrade habitat and compete with native host plants for light, space,
and nutrients. Predation by nonnative social insects is also a serious threat. Threats to the native
forest habitat of Drosophila digressa, and to individuals of this species, occur throughout its
range and are expected to continue or increase without their control or eradication. No known
conservation measures have been taken to date to specifically address these threats.

Immediacy of threats:
Threats to Drosophila digressa host plant habitat from feral ungulates and nonnative plants and
direct predation by nonnative social insects are considered imminent because they are ongoing.

Yes Have you promptly reviewed all of the information received regarding the species for the
purpose of determining whether emergency listing is needed?

Is Emergency Listing Warranted? No. The species does not appear to be appropriate for
emergency listing at this time because the immediacy of the threats is not so great as to imperil a
significant proportion of the taxon within the time frame of the routine listing process. If it
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becomes apparent that the routine listing process is not sufficient to prevent large losses that may
result in this species’ extinction, then the emergency rule process for this species will be
initiated. We will continue to monitor the status of the species as new information becomes
available. This review will determine if a change in status is warranted, including the need to
make prompt use of emergency listing procedures.

DESCRIPTION OF MONITORING

Much of the information in this form is based upon an unpublished manuscript submitted to the
Service by Dr. Ken Kaneshiro in 1995 as part of an initial prelisting proposal for 18 species of
Hawaiian picture-wing flies. Since 1995, additional information has been contributed by several
Drosophila researchers from the USGS-BRD, the University of Hawaii, and the University of
California at Berkeley.

In 2004, the Pacific Islands Office contacted the following Drosophila experts for new status
information: Dr. Ken Kaneshiro (University of Hawaii at Manoa); Dr. David Foote (USGS-
BRD); and Dr. Steve Montgomery (Montane Matters/Bishop Museum). No new status
information was received.

In November 2005, prior to the final comment period for the listing of 12 Hawaiian picture-wing
flies (USFWS 2006), the Service convened a panel of three scientists from outside the Service
with expertise in Hawaiian Drosophila to help synthesize and address uncertainties in the
scientific information available for the 12 species, particularly threats to their existence (Science
Panel 2005). The purpose of the Science Panel was to assess threats for each of the 12 picture-
wing flies, identify and resolve areas of scientific uncertainty, and discuss extinction risks in a
carefully structured format. The panelists discussed taxonomy, adaptive radiation of picture-
wing flies, hybridization, sexual selection, survey methods, the Drosophila lifecycle, and
species’ distributions (Science Panel 2005). The panel then discussed specific threats to each of
the flies and their host plant habitat. While the panel did not address the threats to Drosophila
digressa specifically, the researchers provided information regarding the current status of threats
within the same geographic areas containing this species’ populations and host plant habitat.
Accordingly, we were able to make several appropriate inferences and update the information
contained within this candidate form.

In an effort separate from the 2005 science panel, the Pacific Islands Office contacted the
following Drosophila experts for new status information: Ms. Betsy Gagne (State of Hawaii
NARS Commission); Dr. Neal Evenhuis (Bishop Museum); Mr. David Preston (Bishop
Museum); Dr. Ken Kaneshiro (University of Hawaii at Manoa); Dr. David Foote (USGS-BRD);
Dr. Patrick O’Grady (University of California at Berkeley); and Dr. Steve Montgomery
(Montane Matters/Bishop Museum). No new status information was received.

In 2006, the Pacific Islands Office contacted the following Drosophila experts for new status
information:

Name Date Place of Employment
David Foote September 6, 2006 USGS- BRD
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Ken Kaneshiro September 6, 2006 University of Hawaii

Karl Magnacca September 6, 2006 University of California at
Berkeley
Steve Montgomery September 6, 2006 Montane Matters/Bishop Museum

New status information regarding D. digressa and several edits to the candidate form were
provided by Dr. Magnacca and were incorporated into this current assessment.

This level of monitoring is appropriate to update the status of the species because a thorough
literature search was conducted as well as relevant species experts contacted. Information
contained in this assessment form was verified by a species expert. The Hawaii Biodiversity and
Mapping Program identified this species as critically imperiled (HBMP 2006b). This species is
not included in the International Union for Conservation of Nature (IUCN) and Natural
Resources Red Data List database (IUCN Natural Resources database 2006); nor is it included in
the list of species in Hawaii’s 2005 Comprehensive Wildlife Conservation Strategy (Mitchell et
al. 2005).

In 2008, no new information was provided on this species.
In 2009, Dr. David Foote (USGS-BRD) confirmed that this species has not been seen since 2006.

In 2010, Dr. Karl Magnacca (University of Hawaii at Hilo) confirmed 2009 observations of
Drosophila digressa at two population sites, including upper Olaa Forest Reserve (aka Pole 44,
along Wright Road) (20 individuals), and at the Manuka Natural Area Reserve, within the
“olopua kipuka” fenced exclosure (19.1179°N, 155.8130°W) (30 individuals) (K. Magnacca, in
litt., 2010).

COORDINATION WITH STATES

In January 2010 we provided the Hawaii Division of Forestry and Wildlife with copies of our
most recent candidate assessments for their review and comment. No additional information was
received from the State.
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